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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an apparatus and method for performing 
power management functions. 
5 Description of the Prior Art 

In a system which includes power management hardware, the validation of 
such a system would typically require that all components of this system, both 
hardware and software, be functional. Whilst the power management hardware and 
the power management software can be developed in parallel, it is often the case that 
10 the power management software is ready to be tested before the hardware design is 
complete. There is hence typically a delay in testing the software resulting from 
awaiting completion of the hardware design. 

Up to now, system level power management functions have been constructed 
using implementation-specific hardware. For example, memory-mapped hardware 
1 5 registers can be programmed to shut off clocks to subsystems. 

However, there is generally a desire to design system hardware such that it can 
be re-used in different implementations, and with specific regard to power 
management hardware, this has led to the design of some generic power management 
hardware which is not implementation specific, with that generic power management 
20 hardware having a standard interface for interfacing to implementation specific power 
management hardware. An example of the implementation specific power 
management hardware would be the voltage regulators used to control the power rails 
of the system. 

In designs that incorporate such generic power management hardware, it 
25 would be desirable to be able to perform some testing of the power management 
software without waiting for the design of the implementation-specific power 
management hardware to be complete. 

SUMMARY OF THE INVENTION 
Viewed from a first aspect, the present invention provides a data processing 
30 apparatus, comprising: a processor for executing data processing instructions 
including power management instructions, at least one of said power management 
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instructions being a command power management instruction; a power management 
controller for receiving command data from the processor when a command power 
management instruction is executed by the processor, and to control power 
management logic to perform an associated set of power management functions 
5 dependent on said command data; first power management logic controllable by the 
power management controller; the power management controller having an interface 
to enable communication with additional power management logic; the processor 
being arranged when executing said command power management instruction to 
specify within said command data provided to the power management controller 

10 whether an emulation mode of operation is set, said power management controller 
being arranged when said emulation mode is not set to initiate said associated set of 
power management functions dependent on said command data, and being arranged 
when said emulation mode is set to only initiate a subset of said associated set of 
power management functions not requiring communication over said interface. 

15 la. accordance with the present invention, the power management software can 

include a number of command power management instructions, each of which is 
arranged to cause an associated set of power management functions to be performed 
xmder the control of a power management controller. The power management 
controller is able to control first power management logic provided as part of the data 

20 processing apparatus, and also has an interface to enable communication with 
additional power management logic. In preferred embodiments of the present 
invention, the first power management logic will be generic power management logic, 
whilst the additional power management logic that the power management controller 
can communicate with via the interface will be implementation specific power 

25 management logic. 

To enable a command power management instruction to be tested even if the 
additional power management logic is not in place, the processor is able when 
executing a command power management instruction to specify within the command 
data provided to the power management controller whether an emulation mode of 

30 operation is set. If the emulation mode is set, the power management controller is 
arranged to initiate only a subset of the power management functions that would 
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otherwise be performed as a result of the command power management instruction, 
that subset of power management functions being those power management functions 
not requiring communication over the interface. 

By such an approach, it is possible to test that a command power management 
5 instruction executes correctly on the existing power management hardware, prior to 
the complete design of the power management hardware being completed. 

It will be appreciated that the first power management logic provided as part of 
= the data processing apparatus could take a variety of forms. However, in preferred 

Q embodiments, the power management logic comprises one or more power 

f y 10 management isolation layers, each power management isolation layer being associated 
with a component of the data processing apparatus, and being controllable by the 
I'* power management controller to isolate the associated component from other 

components of the data processing apparatus dependent on the command power 
L management instruction being executed by the processor. 

If 15 Hence, in accordance with preferred embodiments of the present invention, 

Q cormnand power management instructions can be written which cause individual 

components, or groups of components, to be isolated and this functionality can be 
tested in an emulation mode of operation, even if all of the required power 
management logic elements are not in place. As an example, assuming that the 

20 voltage regulators used to actually control the voltage supply to individual 
components of the data processing apparatus are implementation specific power 
management logic elements, which have not yet been designed, then in emulation 
mode a command power management instruction can be tested to ensure that the 
power management isolation layers are controlled correctly, without requiring the 

25 power management controller to also seek to cause the power supply to be altered as 
required by the command power management instruction. 

The components of the data processing apparatus associated with each power 
management isolation layer can take a variety of forms, for example, a system clock, a 
Random Access Memory (RAM), a Read Only Memory (ROM), a processor, etc. In 

30 preferred embodiments, the data processing apparatus further comprises one or more 
additional processors, and each processor has one of said power management isolation 
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layers associated therewith, thereby enabling command power management 
instructions to be written which isolate particular processors or combination of 
processors. 

In preferred embodhnents, a handshake protocol is employed between the 
processor and the power management controller, such that when said processor issues 
said command data to said power management controller, said power management 
controller issues an acknowledgement signal to the processor to acknowledge receipt 
of the command data. By this approach, the processor can ensure that the command 
data has been successfijlly received by the power management controller before it 
overwrites that command data. 

It will be appreciated that there are various mechanisms by which the 
command data produced by the processor as a result of executing the command power 
management instruction may be transferred to the power management controller. In 
preferred embodiments, a communication path coupling the processor and the power 
management controller is provided, the communication path including a transmit 
channel on which the processor is arranged to issue the command data to the power 
management controller. In preferred embodiments where the handshake protocol is 
employed, the acknowledge signal jfrom the power management controller is also 
passed over the transmit channel to the processor. 

Preferably, the processor includes a transmit register for storing the command 
data to be issued over the transmit channel. By storing the command data m such a 
transmit register, that command data is readily available to the processor should it be 
necessary to reissue the command data to the power management controller. 

Preferably, the emulation mode is specified by the value of a field witiiin the 
transmit register. In preferred embodiments, a 1-bit field is used to specify the 
emulation mode, thereby minimising the number of bits required in the transmit 
register to store the emulation mode information. 

When the data processing apparatus is operating in a normal mode of 
operation, then once a particular command power management instruction has been 
executed, for example to power down a particular component or group of components 
within the data processing apparatus, then typically an external reset controller is used 
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to issue a reset signal to the power management controller to repower those powered 
down components, and hence cancel the effect of executing the command power 
management instruction. However, when in emulation mode, the interface to 
additional power management logic is not activated, and accordingly such an external 
5 reset signal will not be received. Accordingly, in preferred embodiments, when the 
data processing apparatus is executing in said emulation mode, then once said subset 
of said associated set of power management functions have been performed, said 
power management controller is arranged to emulate a reset function to cancel said 
subset of said associated set of power management functions. Hence, in such 
10 preferred embodiments, the power management controller internally emulates the 
reset function in order to cancel the effect of the command power management 
instruction. 

Once the reset function has been performed, then the component or 
components that had been effected by the execution of the command power 

15 management instruction need to be placed into their correct state before further data 
processing instructions are executed on the data processing apparatus. Accordingly, 
in preferred embodiments, following the reset function, the processor is arranged to 
execute a status power management instruction to cause a request to be issued to the 
power management controller for status data identifying the status of the data 

20 processing apparatus after execution of said command power management instruction. 

In preferred embodiments, the power management controller is arranged to 
keep a record of that status data after execution of the command power management 
instruction so that it can subsequently be provided to the processor following such a 
request. More specifically, in preferred embodiments, the power management 

25 controller includes a status register and is arranged to store said status data in tiie 
status register after performance of said associated set of power management 
fimctions, the processor including a receive register for storing the status data as 
provided by the power management controller upon receipt of said request. 

It will be appreciated that there are a number of mechanisms which may be 

30 used for passing information back and forth between the processor and the power 
management controller. However, in preferred embodiments, the data processing 
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apparatus further comprises a communication path coupling said processor and said 
power management controller, said communication path comprising a transmit 
channel on which the processor is arranged to issue said command data to the power 
management controller, and a receive channel on which the processor is arranged to 
5 issue said request to said power management controller and on which the power 
management controller is arranged to return said status data. 

In such embodiments, the processor preferably further includes a channel 
status register for stormg a first flag indicating whether the transmit channel is busy 
and a second flag for indicating whether the receive channel is busy. In preferred 

10 embodiments, these flags take the form of 1-bit fields within the channel status 
register. Only when the first flag indicates that the transmit channel is empty can a 
new command be sent to the power management controller. Similarly, only when the 
second flag indicates that the receive channel is empty can the power management 
controller send status data to the processor . 

15 In preferred embodiments, the processor comprises a processor core and a 

coprocessor and said coprocessor is arranged to execute said power management 
instructions. This frees up the processor core from the job of executing such power 
management instructions. In such embodiments, the transmit register, receive register 
and channel status register are preferably provided within the coprocessor . 

20 Viewed fi"om a second aspect, the present invention provides a method of 

operating a data processing apparatus to test power management instructions, 
comprising the steps of: (a) executing on a processor a command power management 
instruction to generate command data; (b) issuing said command data to a power 
management controller; (c) controlling, via the power management controller, power 

25 management logic to perform an associated set of power management functions 
dependent on said command data, the data processing apparatus having first power 
management logic controllable by the power management controller, and the power 
management controller having an interface to enable communication with additional 
power management logic; at said step (a), the processor being arranged when 

30 executing said command power management instruction to specify within said 
command data provided to the power management controller whether an emulation 
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mode of operation is set; and at said step (c), said power management controller being 
arranged when said emulation mode is not set to initiate said associated set of power 
management functions dependent on said command data, and being arranged when 
said emulation mode is set to only initiate a subset of said associated set of power 
5 management functions not requiring coirraiunication over said interface. 

In preferred embodiments, the method may also provide additional method 
steps as set out in the appended claims. 
; Viewed from a third aspect, the present invention provides a computer 

program product carrying a computer program for controlling an apparatus in 
1 0 accordance with such a method. 
LI BRIEF DESCRIPTION OF THE DRAWINGS 

f ^ The present invention will be described further, by way of example only, with 

s reference to a preferred embodiment thereof as illustrated in the accompanying 

fll drawings, in which: 

15 Figure 1 is a block diagram of a system in accordance with an embodiment of 

p the present invention when configured to operate in a normal mode of operation; 

Figure 2 is a block diagram of a system of an embodiment of the present 
invention when configured to operate in an emulation mode of operation; 

Figure 3 is a block diagram of part of the system of Figure 2 used to illustrate 
20 execution of a command power management instruction; 

Figure 4 is a block diagram of part of the system of Figure 2 used to illustrate 
execution of a status power management instruction; 

Figure 5A illustrates the contents of a channel status register in accordance 
with preferred embodiments of the present invention; 
25 Figure 5B illustrates the contents of a channel receive data register in 

accordance with preferred embodiments of the present invention; 

Figure 5C illustrates the contents of a channel transmit data register in 
accordance with preferred embodiments of the present invention; 

Figures 6A and 6B are timing diagrams illustrating the transmission of 
30 command data to the power management controller in a normal mode and emulation 
mode, respectively; 
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Figures 7A and 7B are timing diagrams illustrating the transmission of a 
request for status data to the power management controller in a normal mode and 
emulation mode, respectively; 

Figure 8A is a timing diagram illustrating a hard reset process in accordance 
5 with preferred embodiments of the present invention; and 

Figures 8B and 8C are timing diagrams illustrating a soft reset process in 
accordance with preferred embodiments of the present invention. 
y, DESCRIPTION OF A PREFERRED EMBODIMENT 

y Figure 1 is a block diagram of a system in accordance with an embodiment of 

111 10 the present invention whereby all of the power management logic is in place to enable 
1^ the system to operate in a normal mode of operation. The overall system consists of a 

f* data processing apparatus 10, which may for example be an ASIC, coupled via a bus 

s 42 with another data processing apparatus 100, which may for example be 

r* 

III implemented as a further ASIC. In such an example, both ASICs 10, 100 may be 

p 1 5 provided on the same board. 

O The data processing apparatus 10 is intended to be reusable in many different 

implementations, and provides a particular arrangement of components provided to 
process data processing instructions. In particular, in this example, the data 
processing apparatus 10 has three processing circuits 50, 60, 70 coupled via a main 

20 bus 35 with a number of memory devices, in this example Random Access Memory 
(RAM) 15 and Read Only Memory (ROM) 20. In the particular example of Figure 1, 
processing circuits 60 and 70 are intended as general purpose processing circuits, 
whilst processor 50 is a Digital Signal Processing (DSP) processor that will typically 
be used for particular types of processing operations, for example graphics and image 

25 processing. 

In the example illustrated in Figure 1, each of the general purpose processing 
circuits 60, 70 consists of both a processor 175, 160 and a cache memory 185, 150, 
along with associated clocking circuitry 170, 130 to control the operation of the 
processors and the cache memory. In addition, in this example, a power management 
30 layer 180, 140 is positioned between the processor 175, 160 and tiie cache memory 
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185, 150 to enable the processor to be isolated fi-om the cache memory during 
particular power management modes. 

It will be appreciated by those skilled in the art that there is no requirement for 
embodiments of the present invention to have the particular arrangement of processing 
5 circuits illustrated in Figure 1, or for any general purpose processing circuits to have 
the particular construction illustrated in Figure 1. Embodiments of the present 
invention may have one or more processors, and such processors may be general 
|_,^, purpose processors or processors intended to perform specific tasks. 

P In addition to the main bus 35 over which instructions and data can flow 

PJ 10 between the processors and the memory devices, a command and status bus 40 is 

O 

ifi provided for transmission of various types of control information between the various 

n components. As illustrated in Figure 1, a main clock 90 is coupled to the command 

- and status bus 40 for the transmission of clock signals to the various components, 

fij whilst additionally an interrupt controller 75 is coupled to the bus 40 for handling 

P 15 interrupts generated during the execution of data processing operations. Further, in 
p the example of Figure 1, debug hardware 80 is also provided for use in performing 

debug operations on the data processing apparatus 10. 

In preferred embodiments of the present invention, some generic power 
management components are also provided withm the data processing apparatus 10. 
20 In particular, a power management controller 95 is provided which is connected to the 
command and status bus 40 whilst in addition separate power management layers 25, 
30, 45, 55, 65 and 85 are coupled to the power management controller 95 via the 
command and status bus 40, each power management layer being associated with a 
particular component which may be subject to power management control. In the 
25 example illustrated in Figure 1, each of the processors 50, 60, 70, the RAM 15, the 
ROM 20 and the clock 90 have separate power management layers associated 
therewith, thereby enabling particular power management modes to be applied to 
those individual components as defined by particular power management instructions. 
Hence, as illustrated by Figure 1, in preferred embodiments of the present 
30 invention, each component's power management is controlled through the system's 
power management controller 95 as dictated by particular power management 
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instructions executed by one of the processors. Each power management layer 25, 30, 
45, 55, 65 and 85 can be considered as a power management isolation layer, enabling 
the associated component to be "locked out" from the main (system) bus 35, hence 
placing the "locked out" component in the idle state. As will be appreciated by those 
5 skilled in the art, the actual design of each power management isolation layer will be 
dependent on the component with which it is associated, but will be similar in design 
to the power management isolation layer 140, 180 that is associated with the processor 
y cache for clock, reset and control signal isolation from the processor signals, 

y It will be appreciated that the detailed power management is often highly 

10 application specific. However, the processor that runs the power management 
ill software and controls the clocks and power switching to subsystems, for example the 

f* processors 50, 60, 70, RAM 15, ROM 20 or clock 90, needs to support a basic set of 

■= power management modes, which typically vary from a mode in which the subsystem 

fll is frilly powered to a mode in which the subsystem is powered off, with various stages 

J 1 5 in between. As an example, the following basic set of power management modes will 

O typically be provided for each processor: 

RUN in this mode the processor is executing instructions and able to 

communicate with the power management controller to invoke power 
management functions; 
20 STANDBY in this mode, the processor clocks are stopped, and the processor is 
ready to wake-up back to RUN mode on an interrupt or debug event; 
DORMANT in this mode, the processor state is saved away, and a soft-reset is 
required to return to the RUN mode. Once the state is restored, then 
interrupts should be re-enabled and the wake-up event serviced by the 
25 interrupt service routine; and 

SHUTDOWN in this mode, the processor and any associated cache are turned off and 
powered down. The entire CPU state plus any memory state that is not 
backed up in main memory externally must be saved away. A hard 
reset is required to reinitialise the cache and the processor, the state 
30 mxist be reloaded and only then should interrupts be re-enabled and the 

wake-up event serviced by the interrupt service routine. 
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Whilst the various power management isolation layers provided within the 
data processing apparatus 10 enable the individual components to be isolated in 
accordance with the required power management modes, they do not in themselves 
provide any control over the actual power supply to the individual components. 
5 Instead, this is provided by voltage regulators 120 provided within the ASIC 100. 
Further, it will be appreciated that to return from a power management mode it is 
necessary to invoke a reset process, and this will typically occur via a signal issued by 
an external reset controller 1 10 to the power management controller 95 over bus 42. 

It will be appreciated by those skilled in the art that both the external reset 

10 controller(s) 110 and the voltage regulators 120 are typically highly implementation 
specific, and accordingly cannot be provided as generic components within the data 
processing apparatus 10. Hence, when designing any particular implementation, it is 
necessary for the implementation specific power management hardware, such as 
external reset controllers 110 and voltage regulators 120, to be designed, and also for 

15 the relevant power management software to be written. As mentioned earlier, it is 
typically the case that the power management software has been written, and is ready 
for testing, before the hardware design is complete. In such situations, a delay is 
incurred before the software can be tested. 

In accordance with preferred embodiments of the present mvention, the data 

20 processing apparatus 10 is arranged so that it may operate in an emulation mode to 
enable some testing of such power management software prior to completion of the 
design of the implementation-specific power management hardware. The physical 
arrangement of the system of Figure 1 when operating in an emulation mode is 
illustrated in Figure 2. As is apparent from Figure 2, the system is identical to that of 

25 Figure 1, except that the data processing apparatus 100 including the implementation- 
specific power management hardware is not present, and accordingly the power 
management controller 95 is unable to communicate over bus 42 with such 
components. 

Typically, a power management instruction is executed on one of the general 
30 purpose processing circuits, for example processing circuit 70, resulting in the 
generation of certain command data which is sent over bus 40 to the power 
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management controller 95. The power management controller 95 then controls the 
various power management logic to perform a set of power management functions 
dependent on that command data. Typically, in the normal mode of operation, this 
may require the power management controller 95 not only communicating with the 
5 power management isolation layers within the data processing apparatus 10, but also 
communicating with circuitry within the data processing apparatus 100 via the bus 42. 
A standard interface will typically be provided within the power management 
controller 95 for interfacing to the bus 42 to enable such communications with the 
components of the data processing apparatus 100. 

1 0 In preferred embodiments of the present invention, when the processing circuit 

executes the power management instruction, and hence generates the necessary 
command data, it is further able to specify within that command data whether an 
emulation mode of operation is set. If the emulation mode of operation is set, then the 
power management controller 95 is arranged to perform any of the power 

15 management functions defined by that command data that involve communication 
with the power management isolation layers within the data processing apparatus 10, 
but does not perform any of the power management functions that would require 
communication over bus 42 with the data processing apparatus 100. This enables 
some testing of the power management software to be performed prior to the design of 

20 the data processing apparatus 100 being completed. 

Further details of how the processing circuit 70 communicates with the power 
management controller 95 in the emulation mode of operation will now be described 
further with reference to Figures 3 and 4. Figure 3 is a block diagram illustrating 
those components of the data processing apparatus of Figure 2 required to describe 

25 execution of a command power management instruction in accordance with preferred 
embodiments of the present invention. Cormnand power management instructions are 
instructions that will typically cause one or more of the components of the data 
processing apparatus 10 to enter a particular power saving mode. 

A sequence of data processing instructions to be executed by the processing 

30 circuit 70 will typically reside in the RAM 1 5, and instructions will be retrieved one at 
a time by the processing circuit 70 over the main bus 35. In preferred embodiments, 



P011924US 13 

the processing circuit comprises a processor core 200 and a system control 
coprocessor 210, the coprocessor being used to execute certain system control 
operations. All of the instructions are first passed to the core 200, with those 
executable by the coprocessor 210 then bemg passed from the core to the coprocessor 
5 for execution. 

At some point in the flow of execution, the core 200 will receive a command 
power management instruction from the RAM 15 via the main bus 35, as denoted by 
step 1 in Figure 3. In preferred embodiments, all power management instructions are 
t-.i executed by the system control coprocessor 210, and accordingly at step 2 the core 

10 200 will route the command power management instruction to the system control 

•J} 

coprocessor 210. The system control coprocessor will then begin execution of the 
f2 instruction, resulting in the generation of certain command data which is placed 

f within the transmit register 220 of the coprocessor 210. Details of the command data 

m placed within the transmit register 220 will be provided later with reference to Figure 

fg 15 5C. When the instruction is to be executed in emulation mode, a field within the 

f-j transmit register 220 will be set to indicate selection of the emulation mode. 

The third step is then for the system control coprocessor 210 to issue the 
command data from the transmit register 220 to the power management controller 95 
over the command and status bus 40. At step 4, the power management controller 95 
20 then processes the command data in order to determine what power management 
functions to implement. As mentioned earlier, assuming the emulation mode is set, 
the power management controller 95 will not implement any power management 
functions that require communication over bus 42 with the external data processing 
apparatus 100, but instead will only implement those power management functions 
25 requiring communication with one or more of the power management isolation layers 
within the data processing apparatus 10. Hence, in emulation mode, the command 
data will typically result in the power management controller issuing signals to one or 
more power management isolation layers to isolate a particular component or group of 
components. However, the actual isolation of particular components or groups of 
30 components does not occur until after the acknowledge signal has been issued by the 
power management controller 95 at step 5 (discussed below). 



P011924US 



14 



In addition to determining which power management layers should be isolated, 
the power management controller 95 also writes into the status register 250 the system 
power state resulting from execution of the power management functions specified by 
the command data. 

At step 5, the power management controller 95 communicates via the 
command and status bus 40 with the system control coprocessor 210 to acknowledge 
receipt of the command data from the system control coprocessor, this in effect being 
a handshake protocol by which the system control coprocessor 210 receives 
confirmation that the command data has been successfiilly received, and that 
accordingly the contents of the transmit register 220 can now be overwritten during 
execution of a subsequent command power management instruction. In preferred 
embodiments, as part of the "receive" signal issued by the power management 
controller 95, details are also provided to the system control coprocessor as to which 
power management layers have been isolated as a result of execution of the command 
power management instruction. 

As mentioned earlier, the system will only exit from such a power saving 
mode once a reset signal has been received, and typically this is implemented via 
external reset control circuits 110. However, in emulation mode, there is no 
communication provided with such circuitry. Accordingly, in emulation mode, the 
power management controller is arranged at step 6 to assert a soft reset, this in 
preferred embodiments involving the starting of a timer, which when expired will 
cause a reset process to be invoked. This process, along with the processes that follow 
on from that process, will now be described with reference to Figure 4. 

Figure 4 is a block diagram showing the same components as illustrated in 
Figure 3. At step 1, the soft reset timer expires, resulting in de-assertion of the soft 
reset emulated internally by the power management controller 95. This results in a 
signal being sent from the power management controller 95 to the relevant power 
management layers to unlock those previously locked power management layers. In 
Figure 4, it is assumed that power management layer 65 was locked as a result of 
execution of the command power management instruction, and accordingly at this 
point a signal is sent to the power management layer 65 to unlock it. 
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As a result of \mlocking the power management layer 65, the processor core 
200 within the data processing circuit 70 is now able to receive data processing 
instructions from the RAM 15 via the main bus 35. Given the interruption in 
processing, the instruction flow will typically branch back to a default position, e.g. 
the start of an instruction code sequence, and the instruction code sequence will be 
implemented such that one of the first instructions that the core 200 receives is a 
status power management instruction used to enable the processing circuit 70 to 
request status information from the power management controller 95 to enable the last 
programmed state of the system to be retrieved. This is important as it is clearly 
necessary for the system to be able to return itself to the last programmed state before 
further data processing instructions are executed. 

Accordingly, at step 3, the processor core 200 receives such a status power 
management instruction, and at step 4 that power management instruction is passed to 
the system control coprocessor 210 for execution. Execution of the status power 
management instruction results in a request being issued at step 5 to the power 
management controller 95 requesting status data. At step 6, this status data is 
retrieved from the status register 250 and returned via the command and status bus 40 
to the system control coprocessor 210, where that status data is stored within the 
receive register 230. Then, at step 7, the contents of the receive register 230 are 
transferred back to the core 200 where they are stored within one of the core's 
registers, and subsequently used to determine what steps are required in order to return 
the system to its last programmed state. 

As shown in Figures 3 and 4, the system control coprocessor 210 also includes 
a channel status register 240 which is used to control the synchronised handshaking 
between the coprocessor 210 and the power management controller 95. This will be 
discussed in more detail with reference to Figure 5 A. 

Figure 5A illustrates the contents of the channel status register 240 in 
accordance with preferred embodiments of the present invention. In preferred 
embodiments, the command and status bus 40 includes a transmit chaimel and a 
receive channel, the command data resulting firom execution of a command power 
management instruction being issued over tiie transmit chaimel, with the "receive" 
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signal returned from the power management controller 95 also being transmitted over 
the transmit channel. Similarly, the receive channel is used for issuing of the request 
for status data upon execution of a status power management instruction, with the 
receive channel also being used for the return of such status data from the power 
management controller 95. 

In preferred embodiments, the channel status register 240 includes at bit 
position 1 a W flag which is set to denote that the transmit channel is empty and 
available for a new command to be sent to the power management controller. When 
command data is written to the transmit data register, the W flag is cleared iintil a 
handshake has acknowledged receipt of the command. Once the acknowledgement 
has been received, the W flag can be set again to denote that the transmit channel is 
available for a new command to be sent to the power management controller. 
Implicitly, the setting of the W flag also indicates that the transmit register is available 
to be written to. The W flag is also set during a reset operation (either a hard or a soft 
reset) to indicate that the transmit data register is ready to accept new data. 

Bit 0 of the channel status register 240 is used to contain an R flag which is set 
to denote that the receive data register is fiill and hence that valid data can be read 
from the register. The R flag will remain set until the data has been read from the 
receive data register back to the processor core, at which point the R flag will be 
cleared to indicate that the receive register 230 is available for re-use. During a hard 
reset operation, the R flag is set to reflect the reason for waking up the processor . 

In preferred embodiments, a predetermined number of the most significant 
bits, in this example bits 28 to 3 1, are used to contain a fixed pattern that denotes the 
power management controller architecture version nimiber of the hardware. Also, in 
preferred embodiments, the remaining bits of the channel status register, here bits 2 to 
27, are reserved and will be read as zero (indicated by SBZ (Should Be Zero) in 
Figure 5A). 

Figure 5B illusteates the contents of the receive register 230 within the 
coprocessor 210. As mentioned earlier, this is used to store system power state 
information as returned by the power management controller 95 upon execution of a 
status power management instruction. In preferred embodiments, the most significant 



P011924US 17 

bit, here bit 3 1 , is used to indicate whether the processor issued the command data in 
emulation mode or not. In preferred embodiments, if that bit is set, this indicates that 
the conunand data was issued in emulation mode, whereas if it is clear this indicates 
that the command data was issued in normal mode. The value reflected here when 
5 exiting a reset sequence will be the last programmed state of the system. Another 
field within the receive register 230 is used to store the system power state, in this 
example bits 4 to 7 being used for this purpose. The value reflected here when exiting 
a reset sequence will be the last programmed state of the system, and accordingly will 

2 denote states such as normal, idle, off, etc. In preferred embodiments, the remaining 

1 0 bits of the register are reserved and will be read as zero. 

Ij Figxxre 5C illustrates the contents of the transmit register 220 of preferred 

embodiments. As shown in Figure 5C, in preferred embodiments the most significant 
bit, here bit 3 1, is used to indicate whether the processor intends to issue the command 
data in emulation mode or not. If that bit is set, then the processor is intending to 

-'J 

ii, 15 issue the command data in emulation mode, whereas if that bit is clear, then the 
~ processor is intending to issue the command data in normal mode. Another field 

H within the transmit register 220, here bits 4 to 7, is used to indicate the next system 

power state that should result firom execution of the command power management 
instruction, and accordingly will indicate states such as normal, idle, off, etc. This 
20 information will be used by the power management controller 95 to determine which 
power management functions to invoke, and which individual components are to be 
affected by this next system power state. For example, in preferred embodiments the 
poiwer management controller 95 can be arranged to independently control the power 
states of multiple processors. In preferred embodiments, the remaining portions of the 
25 transmit register 220 are reserved and will be read as zero. 

In preferred embodiments, the interface between the power management 
controller and the processor (also referred to herein as the CPU) makes use of the 
signals identified in Table 1 below. 



30 
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Signal 


Direction 


Description 


PMEXISTS 


PM -» CPU 


If a power management controller Is attached to the CPU, 
the power management controller should drive this to a logic 
one. If one is not attached, the pin should be a logic zero. 


PMTXREQ 


» IVI ^ — \J 


Asserted whenever the CPU is requesting to change its 
power management state. This signal is used in conjunction 
with PMTXACK to provide a double-ended handshake 
during transmission to the power management controller. 


PMTXACK 


PM CPU 


Asserted by the power management controller when it 
acknowledges receipt of the state change as seen on 
PMTX[3:0]. 


PMTX[3:0] 


PM CPU 


Power Management state data associated with a CPU state 
change request as seen on PMTXREQ. 


PMTXPMI II 


PM ^ PPI 1 


Thp nPlJ is reauestina a state chanoe in oower 
management "emulation' mode if set. This is a request to 
leave the voltage regulators unchanged. 


PMRXREQ 


PM <- CPU 


The CPU is requesting the 'previous state' held by the power 
management controller. This is used in conjunction with 
HmKaAUK to provioe a aouDie-enaea nanasnaKe auring 
reception with the power management controller. 


PMRXACK 


PM -> CPU 


The power management controller indicates that data is now 
valid by acknowledging when PMRXREQ is high. 


rlVir\A[O.UJ 


rm — > OrU 


Tho 'nroxyiniic ctato' hairi hv th^ nnwpr mananpmpnt 

controller which can be requested by the CPU. 


PMRXEMUL 


PM ^ CPU 


The 'previous state' of emulation held by the power 
management controller. 


SFRESETN 


PM -> CPU 


Active low soft reset indicator to the CPU from the power 
management controller. 


HRESETN 


PM ^ CPU 


Active low hard/main bus reset to the CPU from the power 
management controller. 



Table 1 



Figures 6A and 6B are timing diagrams illustrating the transmission of a 
change of state from the CPU to the power management controller as a result of 
executing a command power management instruction. Figure 6A illustrating a normal 
mode of operation, and Figure 6B illustrating an emulation mode of operation. As can 
be seen in Figure 6A, if a command power management instruction is indicating that 
the system power state should change from "RUN" to "DORMANT", then following a 
rising edge of a clock signal, the processor will be arranged to issue the PMTXREQ 
signal and the PMTX signal to the power management controller, this resulting some 
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time subsequently in the power management controller issuing the PMTXACK signal, 
and also the PMRX signal indicating the "previous state" held by the power 
management controller. Subsequently, both the PMTXREQ and PMTXACK signals 
will be de-asserted. 

Referring now to Figure 6B, it will be seen that in the emulation mode of 
operation the timing diagram is basically the same, the only difference being that 
when the PMTXREQ signal is issued by the coprocessor, the coprocessor also issues 
the PMTXEMUL signal to indicate that emulation mode is set. In the above described 
embodiments, this signal is in effect a signal to request that the voltage regulators are 



10 left imchanged. 



Figures 7A and 7B are timing diagrams illustrating the signals issued upon 
execution of a status power management instruction in both a normal mode and an 
emulation mode, respectively. With reference to Figure 7A which illustrates the 
normal mode of operation, then upon execution of such a status power management 

15 instruction, the coprocessor will issue a PMRXREQ signal to the power management 
controller requesting the previous state held by the power management controller. 
This will result in the power management controller subsequently issuing the 
PMRXACK signal as part of the double-ended handshake protocol to acknowledge 
receipt of the PMRXREQ signal. At the same time, the power management controller 

20 will also issue the PMRX signal indicating the previous state held by the power 
management controller. At some subsequent point, both the PMRXREQ and 
PMRXACK signals will be de-asserted. 

As is apparent from Figure 7B, the timing diagram is basically unchanged 
when in the emulation mode, other than the fact that the power management controller 

25 will also issue to the processor a PMRXEMUL signal at the same time as issuing the 
PMRX signal, the PMRXEMUL signal indicating the previous state of emulation held 
by the power management controller (i.e. whether emulation mode was on or off). 
Here the transition of the PMRXEMUL signal from the logic zero to the logic one 
state indicates that the previous state was an emulation state. 

30 Figure 8 A is a timing diagram illustrating the hard reset procedure applicable 

to either normal or emulation mode. As illustrated in Figure 8A, in preferred 



P011924US 



20 



embodiments both the hard reset signal HRESETN and the soft reset signal 
SFRESETN are issued to the processor in the same cycle. Hard reset is then removed 
a minimum of six cycles later, whilst soft reset is in preferred embodiments extended 
a further minimum of eight cycles. In preferred embodiments, this arrangement 
ensures that the processor will properly reset all state. 

Figwe 8B is a timing diagram illustrating the soft reset process from a power 
down state, which is applicable to the normal mode of operation. This diagram is used 
to indicate when a soft reset can be issued following entry into DORMANT state. 
When the processor has been programmed to enter the dormant state and the power 
management controller acknowledges the dormant state, the voltage can then be taken 
away from the CPU core and the voltage to the CPU caches can be lowered to the 
minimum value that will retain state. The soft reset signal, SFRESETN, is held low 
when the CPU core voltage is taken away to ensure proper behaviour when the CPU 
core voltage is returned. Once the CPU core and cache voltages have been raised to 
the operational value, soft reset is in preferred embodiments held a further minimum 
of eight cycles to guarantee a proper exit from soft-reset. 

Figure 8C is a similar timing diagram illustrating the soft reset process from a 
power down state, which is applicable to the emulation mode of operation. As can be 
seen from Figure 8C, the process is basically the same, but in emvilation mode there is 
no lowering of the voltages to the CPU core and the cache, since the subset of the 
power management functions required to perform such lowering of the voltages is not 
performed. 

As is apparent from the above description of an embodiment of the present 
invention, an emulation mode is provided in a system to enable both the software and 
hardware behaviour to be tested. Generally, commands are issued in normal mode 
causing the power controller to change the state of the system, and possibly the 
voltage of the relevant components depending on the command issued, A typical 
normal mode command will be used to change the state from RUN to DORMANT to 
save power. However, this requires that the power management controller tell the 
voltage regulator controlling the voltage to the relevant component to lower the 
voltage from the operational voltage Vdd to zero. When a soft reset is issued, the 
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power management controller will indicate that the voltage to the relevant component 
can be raised Jfrom zero to Vdd- 

If the user wishes to test out software and hardware without testing the 
enabling and disabling of the voltage regulators (for example because the design of 
5 those voltage regulators has not yet been finalised), then a command can in preferred 
embodiments be issued in an emulation mode, in which an emulation bit contained 
within the command data sent to the power management controller is set. This will 
signal to the power management controller that it should translate the command data 
and change to the desired state, but that it should not issue a signal to the voltage 
5 10 regulator to indicate that the voltage should be lowered, hi the emtilation mode, once 
3 the command has been transmitted and received, the power management controller 

'II will issue a soft reset sequence. As mentioned earlier, the soft reset sequence is issued 

^* by the power management controller only during emulation mode. In normal mode, 

K - all forms of soft reset will be initiated ftom an external source. 

15 As described earlier, when issuing commands to the power management 

^■J controller, a specific protocol is followed. Firstly, software checks to see that both the 

H transmit and receive data registers are empty. This can be accomplished by checking 

that the W flag is set and/or the R flag is cleared. When transmitting a command to 
the power management controller, software is used to write command data to the 
20 transmit data register, causing the W flag to be cleared. Hardware then performs a 
handshake with the power management controller, waiting for acceptance of the 
command data via a double-ended handshake. Once the handshake for the transmit 
data has completed, the hardware will then set the W flag again. When receiving data, 
software waits until the R flag is set. Once set, new data is valid in the receive 
25 register, and can be read by the processor core. 

In preferred embodiments, the power management controller is designed such 
that if requested to move into a power state that it does not implement, then it defaults 
to the most power efficient state "above" the requested state. This ensures operating 
system portability across systems with different levels of sophistication of power 
30 management. 
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Although a particular embodiment has been described herein, it will be 
apparent that the invention is not limited thereto, and that many modifications and 
additions thereto may be made within the scope of the invention. For example, various 
combinations of the features of the following dependent claims can be made with the 
5 features of the independent claims without departing from the scope of the present 
invention. 




